This paper investigates the responses of cohesive sediment to mechanical vibration by experimental observation, containing: (1) the dynamic soil pressure, dynamic pore water pressure and dynamic acceleration to the vibration source; (2) the soil pressure distribution in the near field centered in an artificial columnar vibration source. Under the mechanical vibration with a frequency of 200 Hz and an amplitude of 1.15 mm, the dynamic soil pressure, dynamic pore water pressure and dynamic acceleration of underwater viscous sediment were measured in the sediment of four different depositing conditions. Results of the dynamic soil pressure, dynamic pore water pressure and dynamic acceleration of underwater viscous sediment in the near field responding to artificial vibration source are exhibited and discussed. It is found that, excited by the sinusoidal vibrator, the soil pressure presents a response of statistical sinusoidal fluctuation with the same frequency to the vibration source. In the sediment of lower initial yield stresses, the soil pressure distribution distinctly tends to firstly increase and then decrease with distance. The amplitude of the soil pressure is attenuated exponentially with distance.
INTRODUCTION
Cohesive sediments are widely distributed at the bottom of rivers, lakes and reservoirs. They are complex mixtures of inorganic minerals and organic material, deposited by a series of physical, chemical, biological effects (Grabowski et al. ) . Suspension of the cohesive sediment and the internal pore water may significantly result in detrimental impacts for the aquatic environments, including re-releasing the deposited pollutant and reducing the light transmission (influencing plant production and benthic community health) (Droppo et al. ) . However, the response of the sediment to external loads is unavoidable. When there is a vibration source (such as a pier) in the underwater sediment environment, the pore water in the near field of vibration source would locally oscillate within a certain distance. The relationship between oscillating amplitudes and distances can be normalized as:
where, r 0 is the radius of the vibration rod. Considering the liquefaction of soil by vibration, soil pressure in the present study was obtained when the vibration was in a steady state. 
EXPERIMENTS Experiment apparatus
The experiment was completed in a test system as shown in The soil grain density, ρ s , water content ω, and consolidation durations are given in Table 1 .
Test procedure
A total of 36 tests were completed with the four sediments.
The forces were measured at horizontal distances of 10, 15, 20, 25, 30, 35, 40, 50 , and 60 cm from the artificial vibration source. Before starting the vibrator, the acquisition system operated for 3 s to measure the static soil parameters.
Once the vibrator was in operation, the soil pressure, pore water pressure, and acceleration were simultaneously measured for 60 s. Then, the vibrator was stopped and the acquisition system continued to run for an additional 3 s.
RESULTS AND DISCUSSION
Dynamic acceleration, soil pressure, and pore pressure responses Figure 6 shows the time-variant amplitudes of sediment acceleration, the dynamic soil pressure, and the pore water pressure responding to the vibrator. The dynamic responses were measured at 20 cm from the columnar vibrator for 60 seconds. The tested sediment is the soil YRE1. During the whole process, it can be seen that there are three temporal components; namely, a linear deformation stage, a failing stage, and a re-equilibrium stage.
As shown in Figure 6 , the dynamic pore pressures and dynamic soil pressures are synchronous with the vibration. that the pore water is more active than the soil particles in response to vibration. This stage occurred for only 1.9 s, about 380 cycles of vibration. Moreover, the amplitude of dynamic pore water decreases after reaching the maximum value. This performance relates to the pore water breaking through a certain pressure barrier. Regarding the dynamic soil pressure and acceleration, both did not begin to increase until the dynamic pore water reached a new equilibrium.
Thereafter, significant changes in dynamic soil pressure and acceleration occurred, indicating the initial inner 
Decay of soil pressure with distance
With the vibrator as the original point, the dynamic soil pressures of nine distances in the near field were measured by testing with four groups of soils. This section focuses on the distribution of the maximum soil pressures in the reshape stage. In order to obtain a stable value, data ranging from 35 to 45 s of the vibration process were filtered for analysis. Figure 9 displays the top 95% of the data of the soil pressure amplitude in this range.
As shown in Figure 9 , it is obvious that the main distribution of soil pressure decreases with distance. This is consistent with the propagation of vibration in elastic materials. However, data in Group YRE1 and YRE2
shows the soil pressure in the distance of r ¼ 10 cm is less for groups YRE1 and YRE2), soil pressure distinctly tends to initially increase and then decrease with the distance.
However, this tendency was not observed in groups YRE3
and YRE4.
During the experiment with groups YRE1 and YRE2, sandblasting water was observed in the near field of the vibrator. As shown in Figure 10 , water fluctuated more frequently in the near field than in the far field. After a short period, water blasting was observed from where the vibrator surface was located.
By normalizing the soil pressure with the peak soil value shown in Figure 9 , the relationship between oscillating amplitudes of soil pressure A rs =A 0 and distances r=r 0 are presented in Figure 11 .
As shown in Figure 11 (a), the pore water pressure and soil pressure appear to exponentially decay with distance from the vibrator center in the near field, and can be written as: With a lower initial sediment yield stresses, soil pressure distinctly presents a tendency to initially increase and then decrease with the increment of distance.
In the near field of vibration source, the amplitude of the soil pressure decays exponentially with distance, and the relationship can be preliminary described as (A rs =A r0 ) ¼ 1:178(r=r 0 ) À0:262 .
